Objective: To compare hearing results in patients who underwent ossiculoplasty for Austin-Kartush group A impairments (incus erosion, malleus handle present, stapes superstructure present) with the results in patients with an intact ossicular chain who required only myringoplasty. The literature on hearing results of ossiculoplasty with different types of prostheses and different techniques is reviewed.
In chronic otitis media, the long process of the incus is highly susceptible to osteitic resorption (1) . A minor erosion of the lenticular process, and a more pronounced resorption of the long process, are among the most common ossicular defects encountered in tympanoplasty. In the absence of an intact incus, Austin (2) defined four groups: A, malleus handle present, stapes superstructure present; B, malleus handle present, stapes superstructure absent; C, malleus handle absent, stapes superstructure present; and D, malleus handle absent, stapes superstructure absent. The percentage occurrence of each type of ossicular problem was group A, 60%; group B, 23%; group C, 8%; group D, 8%. Three more groups were added by Kartush (3) .
This study retrospectively reviews the hearing results obtained in a consecutive series of patients classified in Austin-Kartush group A (i.e., with the most common ossicular lesion: long process of the incus absent, stapes and malleus handle both present). All the ossiculoplasties were performed by the senior author (S.I.), applying a partial ossicular replacement prosthesis. Hearing results were compared with those obtained in a group of patients with an intact ossicular chain who underwent myringoplasty. This study complies with level 1 of the guidelines recommended by the Committee on Hearing and Equilibrium of the American Academy of Otolaryngology -Head and Neck Surgery (4). In compliance with level 2 of the guidelines, information on the raw data of pure tone thresholds of hearing loss (air and bone conduction) is available for each case, for each octave interval before and after surgery, in a computer database file. Data on intraoperative procedures are also included in the database file.
MATERIALS AND METHODS
Data from two groups of patients were combined for this study. The first group was composed of 181 ossicular reconstruction procedures performed in patients classified in AustinKartush group A. Patients underwent a tympanoplasty procedure without mastoidectomy. Patients who required mastoid surgery for extensive cholesteatoma were excluded from the study. The average age at the time of surgery was 39 years and 6 months. There were 90 male and 91 female patients. Cholesteatoma was present in 56 patients (31%). Local anesthesia was preferred in most adult ossiculoplasties (124 cases). An endoaural approach was adopted in 105 operations (58%) and a posterior approach in 70 (39%).
In 109 patients (60%), the body of the incus was used as a prosthesis; in 68 (38%), the head of the malleus. In both cases, the ossicular graft was removed and sculpted to a suitable size and shape to fit between the stapes head and malleus handle and to come in contact with the tympanic membrane (or tympanic graft). In 138 patients (76%), the grafting material was autologous, and in 39 (21%), a homologous ossicle served as a second choice. Exclusion criteria for donor selection were based on hospital donor records and postmortem bacteriologic and serologic examinations. Ossicular homografts were preserved in 4% buffered formaldehyde solution and 2-(ethylmercurithio)-5-benzoxalcarboxylic acid (Cialit[Asid-Institut GmbH, Unterscheissheim, Germany] 1:5,000 aqueous solution). The material inserted as an underlay graft to repair perforations was the fascia temporalis in 150 patients (83%), the perichondrium in 17 patients (9%), and a cartilageperichondrium graft in 1 patient. In 11 patients, there was no need for tympanic reconstruction. The observation period lasted at least 1 year, and mean follow-up was 2 years and 7 months (range 16 years).
The second group consisted of 204 ears subjected to myringoplasty procedures without ossiculoplasty, performed by the same surgeon and in the same period as the first group. The mean age in this group was 33 years and 10 months. There were 99 male and 105 female patients. The material inserted as an underlay graft was the fascia temporalis in 200 patients (98%) and the perichondrium in 1 case. The observation period lasted at least 1 year, and the mean follow-up was 2 years (range 20 years).
Hearing data were recorded in the database following the Guidelines of the Committee on Hearing and Equilibrium (4). Hearing at 3 kHz was not tested in all cases; when thresholds at 3 kHz were not available, they were estimated as the mean of thresholds at 2 and 4 kHz, as suggested by Monsell (5).
Statistical analysis was performed with the Excel 97 version by Microsoft (Redmond, WA, U.S.A.). The statistical significance of the differences in means of data was determined using the paired sample Student t test (*) for comparing results in the same set of cases and the pooled Student t test (**) for comparing two means of different sets of cases. A significance level of 0.05 (two-tailed) was assumed for all the calculations, to determine whether to reject the null hypothesis.
RESULTS
To comply with level 1 of the Committee on Hearing and Equilibrium Guidelines, the hearing results in the 181 ossiculoplasty and 204 myringoplasty procedures are presented as follows.
Postoperative air-bone gap
The preoperative mean air-bone gap for ossiculoplasties was 28 dB (standard deviation [SD] 9 dB, range [R] 49 dB) and for myringoplasties 20 dB (SD 9 dB, R 47 dB). The postoperative mean air-bone gap for ossiculoplasty was 12 dB (SD 9 dB, R 42 dB) and for myringoplasty 7 dB (SD 6 dB, R 33 dB) ( Tables 1 and 2 ). Airbone gap hearing results, grouped in 10-dB bins and in combined bins, are presented in Table 3 . When success was defined as a postoperative air-bone gap within 10 dB, the success rate was ∼25% higher in myringoplasty (81%) than in ossiculoplasty cases (55%). When success was defined as a postoperative air-bone gap within 20 dB, the success rate was 97% in myringoplasties and 85% in ossiculoplasties. Finally, the success rate was approximately the same in the two groups (myringoplasties 99% vs. ossiculoplasties 96%) when success was defined as a postoperative air-bone gap within 30 dB.
There was no statistically significant difference in mean postoperative air-bone gap between autograft and homograft ossiculoplasties (12 dB vs 14 dB; p** n.s.) or between interposition of the incus or the head of the malleus (13 dB vs. 11 dB; p** n.s.). Closure of the air-bone gap The number of decibels of closure of the air-bone gap was determined as the preoperative minus the postoperative air-bone gap (Table 4 ). There was a statistically significant difference in mean air-bone gap hearing results between ossiculoplasty (16 dB) and myringoplasty (13 dB) patients (p < 0.05).
Change in high-tone bone-conduction thresholds
The preoperative minus the postoperative high puretone bone conduction average at 1, 2, and 4 kHz is a measure of overclosure or operative hearing damage (5). Overclosure/damage results are presented in Tables 5  and 6 . The mean differences between pre-and postoperative bone-conduction thresholds were extremely small. The largest mean difference in ossiculoplasty was 2 dB at 4 kHz.
Stability and results over time
Thirty patients in the ossiculoplasty group were followed up postoperatively for 3 years or more (average 7 years and 10 months, SD 4 years and 7 months). In these 30 patients, there was no significant difference in mean postoperative air-bone gap over time, for any of the frequencies considered (Table 7) .
Complications and failures
Two cases failed because of cholesteatoma relapse. The small recurrence rate (3.5%) in cholesteatoma operations may be due to the prevalence of small cholesteatomas. There were no failures due to dead ears with severe to profound sensorineural loss. There were no known displacements or extrusions of prostheses. Perforation of the tympanic graft occurred in 13 cases (7.2%) after ossiculoplasty. Failure of the graft occurred in 13 cases (6.4%) in the myringoplasty group.
DISCUSSION
In Austin-Kartush group A patients (stapes and malleus handle both present), the absence of the long process may be corrected in different ways depending on the size of the defect and the surgeon's decision. Usually, the incus is removed and interposed after it has been sculpted to a suitable size and shape. The head of the malleus or a homologous ossicle may be used as a second choice. Other authors prefer to interpose commercially available partial prostheses made of ceramics, hydroxylapatite, or titanium. If the head of the stapes is eroded or the superstructure is tilted toward the promontory, but also in patients with normal stapes, some authors prefer to use total types of prostheses that come into direct contact with the footplate of the stapes (6) . A minor erosion of the lenticular process of the incus may be treated by insertion of tragal cartilage, leaving the incus in situ (tympanoplasty type II according to Wullstein (7), or with a titanium-gold angle prosthesis, or by reconstructing the missing part of the long process with liquid ionomeric cement (8) .
In the present series, all the ossiculoplasties were performed with a partial ossicular replacement prosthesis. Hearing results were compared with those obtained in a group of patients with intact ossicular chain who underwent myringoplasty for perforation of the tympanic membrane. The mean postoperative air-bone gap was 12 dB for ossiculoplasty (Table 1 ) and 7 dB for myringoplasty ( Table 2 ). The number of decibels of closure of the air-bone gap (Table 4 ) was higher in ossiculoplasty (16 dB) than in myringoplasty (13 dB). This difference is related to the preoperative air-bone gap, which was higher in ossiculoplasty (mean 28 dB [ Table 1 ]) than in myringoplasty cases (mean 20 dB [ Table 2 ]) and needs to be interpreted as indicating that reconstructing the ossicular chain with a prosthesis from the stapes head to the malleus was indeed extremely successful.
A review of the literature (2,6,9-25) on hearing results of ossiculoplasty in Austin-Kartush group A is presented in Table 8 . Depending on the series, auto-or homograft ossiculoplasty resulted in an air-bone gap of 0 to 10 dB for 20% to 68% of patients and of 0 to 20 dB for 54% to 93% of patients. The cumulative data obtained by summing up our results to those of six other authors (2,9-13) are presented in Table 8 . On a total of 931 patients, an air-bone gap within 10 dB was obtained in 48% of the cases, and on a total of 779, a postoperative air-bone gap within 20 dB was obtained in 84% of the cases. Authors who used alloplastic material (ceramic, hydroxylapatite) for reconstruction reported equally good results. The cumulative data from six authors (6, (14) (15) (16) (17) (18) in 256 patients yielded a success rate of 50% when success was defined as a postoperative air-bone gap within 10 dB and 82% for a postoperative air-bone gap within 20 dB. Two authors (6, 19) , who used total types of prostheses to bring the malleus in direct contact with the footplate of the stapes, obtained a success rate of 36% in 256 AustinKartush group A patients when success was defined as a postoperative air-bone gap within 10 dB and of 74% for a postoperative air-bone gap within 20 dB. According to Moretz's Table 3 (6), mean air-bone gap hearing results for group A cases are not statistically different for partial versus total reconstruction cases, but his Table 4 shows that a postoperative air-bone gap within 10 dB was obtained in 27% of partial prostheses versus 14% of total prostheses.
Better results were achieved in a small number of patients by Maassen and Zenner (8) , who used ionomeric cement to reconstruct the long process of the incus. Their results are promising but need confirmation in further series.
The first conclusion of this study is that when the long process of the incus is missing, postoperative hearing results, although very satisfactory, are on average slightly worse than those obtained in patients whose only lesion is a perforation of the tympanic membrane. The second conclusion is that equally good results may be achieved with autograft ossiculoplasty (no difference being found between interposition of the incus or the head of the malleus), homograft ossiculoplasty, or the interposition of alloplastic partial prostheses. When these techniques were used, ∼50% of patients had a postoperative air-bone gap of 0 to 10 dB, and 80% of patients had a postoperative air-bone gap of <20 dB. A postoperative air-bone gap of 0 to 10 dB was obtained in 36% of the patients in whom the prosthesis was placed directly on the footplate. This means that the stapes superstructure should be used whenever available, limiting the use of total prostheses in Austin-Kartush group A patients to cases in which the oval window niche is abnormally narrow, the stapes is tilted toward the promontory, or the superstructure is partially eroded.
